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Summary
The digestible and metabolizable energy values of 8 ingredients commonly used in laboratory animal diets were determined using the growing male rat, by the total collection method. Each ingredient was incorporated into a basal diet of maize, wheat, soyabean meal and tishmeal, The metabolizable energy values, on a dry matter basis, corrected to the nitrogen retention of the basal diet for rats per 100 g bodyweight were as follows: maize 15·23 MJ/kg, extracted soyabean mea114'1l MJ/kg, barley 12'31 MJ/kg, wheat 14'09 MJ/kg, oatfeed 1·36 MJ/kg, white tishmeal 11·61 MJ/kg, dried skimmed milk 14·32 MJ/kg, casein 17·91 MJ/kg. Additional analytical data for the 8 ingredients are also given. (Shimada & Cline, 1974) and 16·44 MJ/kg (Nelson & Kirby, 1978) . Miles & Nelson (1974) and Nelson et al. (1974) reported values for soyabean meal of 15·02, 13·35 and 14·43 MJ/kg, while 3 samples examined by Nelson & Kirby (1978) Also, there appears to be considerable variation between samples, especially in the case of soya. Metta & Mitchell (1954) reported casein to have a metabolizable energy value of 19·55 MJ/kg, with Nelson et al. (1974) and Nelson & Kirby (1978) reporting 20·08 and 18·91 MJ/kg respectively.
Keywords: Rats; Animal nutrition, caloric intake
It is worth noting that Metta & Mitchell (I954) used a regression technique as opposed to direct measurement.
All these values are well above the standard figure of 17 MJ/kg for pure protein (Paul & Southgate, 1978) . Clarke et al. (1977) experienced difficulty in obtaining sufficient reliable values for rats from the literature and were forced into basing dietary recommendations for this species on ingredient energy values obtained with poultry and pigs. [t was therefore necessary to measure the availability of energy in the rat of the main ingredients to be used in formulating test diets.
Materials and methods Animals
Male albino random bred Sprague Dawley rats (Charles River Breeding Laboratories, Manston, Kent. UK), were received at approximately 5 weeks of age with a weight range of 140-160 g. On arrival they were housed individually in metal cages (Kaymar Ltd, Byfleet. Surrey), which were in a single room of an air-conditioned animal house. The environmental control was set to give a temperature of 21°C and a relative humidity of 50'Yo, with a photoperiod of 12 h. Water was provided ad libiWm throughout.
Diets
Because of the limited number of metabolism cages available this work was spread over 3 separate experiments.
The ingredients studied were: maize and soyabean meal (Experiment [), barley, wheat. oatfeed and white fishmeal (Experiment 2). and skimmed milk powder and casein (Experiment 3). In the first experiment a basal diet was made from a selection of natural ingredients, details of which are given in Table I Experimental design 1 week after arrival the animals were placed singly in metabolism cages (Forth-Tech, Clackmannanshire, Scotland) and allocated to treatment by means of random numbe~tables. In Experiment I, 10 rats were allocated to each treatment, but because of the low variance, this was reduced to 6 rats per treatment in Experiments II and III. The rats were allowed 7 days to acclimatize to the experimental diets which were offered each evening as a wet mash containing 30 g unwetted weight per rat, in order to minimize spillage. This was followed by a balance period of 10 days (10 x 24 h), during which total food consumption was measured and all urine and adjusted to maintain the calculated protein and mineral levels in the diets. The test ingredients were substituted into the basal diet at levels as high as possible without creating extreme changes in the nutritional content. Calcium and phosphorus levels were maintained to be as similar as possible to the basal diet in each case. The resulting inclusion rates of test ingredients were: maize (US No.2), 47·0%; extracted soyabean meal (US), 31·0%; barley (UK), 47,2%; wheat (UK), 47·0%; oatfeed (UK), 28·2%; white fishmeal (Canadian), 18·8%; skimmed milk powder (Irish Dairy Board), 38,8%; and casein (BDH Ltd, Poole, Dorset), 18·6%.
The maize, wheat and barley were ground through a hammer mill with a 2-mm screen prior to mixing of the diets. faeces collected from all treatments including the basal diet group. The urine was collected in 2N H2S04 to avoid loss of ammonia and this was pooled for each rat and stored at -20°C, as were the pooled faeces. Each rat was weighed at the beginning and end of the balance period.
Analysis
After completion of the balance period the faeces and urine were freeze-dried separately. From each rat, a 30-ml sub-sample of urine, removed before drying, and a 15-g sub-sample of dried faeces were analysed for nitrogen by the Kjeldahl method. The gross energy of both urine and faeces was then determined using an adiabatic bomb calorimeter (Autobomb: A. Gallenkamp & Co, Ltd, London, UK). The same analyses were performed on samples of diet from each treatment.
Calculations
The above data were used to calculate the digestible and metabolizable energy values of the diets. Using the value obtained for the basal diet it was possible to calculate the contribution of the basal diet to each test diet. The remaining energy in the test diet was therefore attributable to the test ingredient, and the energy value of the latter was calculated from this and its inclusion rate. The metabolizable energy was expressed as 'classical', taking no account of nitrogen retention, or nitrogen-corrected:
Classical metabolizable energy (MJ/kg) =
Gross energy of food eaten -gross energy of faeces and urine
Weight of food eaten Traditionally, metabolizable energy values have been adjusted by reducing the energy balance in proportion to the nitrogen retention. The nitrogen retention was calculated as the difference between the nitrogen consumed and the nitrogen excreted in the faeces and urine. Therefore, for each g of nitrogen retained the energy balance was reduced by O·38 MJ, this being the energy value of rat urine per g of nitrogen (Hill & Anderson, 1958) . However, correction to zero nitrogen retention takes no account of the fact that in the growing animal it will be perfectly normal to see a positive nitrogen retention. Also, because of the way test materials are substituted into the basal diet, high protein ingredients will tend to be penalized through a large correction. Cereals may be undervalued by being measured in low protein diets, which produce abnormally low nitrogen retentions. Longe, Norton & Lewis (1982) have suggested that correction to a standard percentage nitrogen should be used. We felt that this only partly overcomes the problem since the level of nitrogen retention is not simply proportional to protein intake. We decided that the most practical metabolizable energy value would be obtained by adjusting it (ME) to the nitrogen retention found in a basal diet containing 15·5% protein (this being an adequate protein level in practical diets for the growing rat). In doing this, due allowance was made for bodyweight.
Results
The 'classical' metabolizable energy values obtained for the 3 basal diets were 12,16, 12·74 and 13·08 MJ/kg respectively. The results obtained for the test ingredients together with additional analytical data are given in Table 2 .
Discussion
For all diets assays it was found that the variation between cages was very low. The procedure described was thus considered to be without serious disadvantages and easily repeatable.
When comparing MENo values (metabolizable energy corrected to zero nitrogen retention) reported here with those obtained in the literature it was obvious that our figures were always lower. When our figures were corrected to a standardized nitrogen correction (MENs) the values were more in line with those quoted, although they still tended to be lower. No comparisons were possible for barley, oatfeed, white fishmeal and skimmed milk powder as no experimental data were found.
When making comparison with published data it must be remembered that differences may, in part, be due to variation between samples. Values for ingredients vary markedly not only between workers but also within sets of data; Nelson & Kirby (1978) , for instance, quote a range of values for 3 different samples of soya as 16·07, 15·19 and 13-26 MJ/kg. Rolls, Begde & Coates (1976) also found differences due to variety, treatment of the grain and species classification.
Results previously obtained for the rat have been compared to those for pigs and poultry, and Clarke et al. (1977) recommends the use of such figures when formulating laboratory animal diets. Nelson, May & Miles (1974) and Rolls, Hegde & Coates (1976) both reported similar values for the rat and pig. Miles & Nelson (1974) showed that values for chicks were significantly lower than for rats, while Shimada & Cline (1974) reported that grain samples gave practically the same results for these species. Our figures tended to fall between the values obtained from pigs and chicks. Table 3 compares values found for pigs, chicks and rats with those obtained in this experiment. The literature values for casein can be seen to be higher than the standard figure of 17 MJ/kg for a pure protein (Paul & Southgate, 1978) . Our values, on the other hand, fall very close to this theoretical value being 17·69 MJ/kg -MENo and ]7·91 MJ/kg -MENs (both values on a dry weight basis).
As a general conclusion it seems reasonable to state that metabolizable energy values for rats fall between those measured in pigs and chicks. While the data presented here add to the very limited amount of data obtained in the rat, careful extrapolation from pig and poultry data may be a reasonable course of action where rat values are unavailable. 
